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(From  the  Henry Phipps Institute  of  the  University  of  Pennsylvania, 
Philadelphia.) 
A  number of years ago  it became apparent that  antibodies were 
produced by the injection into mammals of most  foreign proteids. 
It  was  soon  learned  that  these  antibodies  were  either  themselves 
proteids or were very closely attached to certain of the serum con- 
stituents  of proteid  nature,  but  efforts to  separate  the  antibodies 
from the proteid constituents of the serum have not yet succeeded. 
The probability that the antibodies are proteid in nature has given 
rise  to many attempts to produce,  in turn,  specific reaction bodies 
against the  antibodies.  As  a  result  it  has  been  concluded that  in 
the case of the simpler forms, those belonging to the first group of 
Ehrlich,--the agglutinins, the precipitins, and the true antitoxins,- 
no such antibodies can be formed. 
It would be in accord with this conclusion to suppose,  for exam- 
ple, that if diphtheria antitoxin were repeatedly administered to an 
individual  over  considerable  periods  6f  time,  the  antitoxin  of 
each  fresh injection would be  absorbed  and  eliminated exactly as 
in the case of the first injection.  Studies in anaphylaxis have, how- 
ever, so broadened our point of view that we may recognize it as a 
law that an animal once sensitized with a foreign proteid of a certain 
high grade of complexity will never react non,  ally to the same pro- 
reid again.  Furthermore our conception of the relationships exist- 
ing in  complex mixtures of proteids  has become somewhat better 
defined and we no longer look for perfectly clean cut reactions con- 
fined to a  single  factor in  such a  mixture, but  expect  that  related 
factors will be more or less involved. 
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From a  theoretical point of view, therefore, it has again become 
a  legitimate clnestion whether diphtheria antitoxin, and in fact anti- 
toxins  in  general,  are  proteids  coming  within  the  range  of these 
rules.  The extended use of antitoxin in  practice makes it  doubly 
important  to  have precise knowledge of any condition which may 
affect its activity. 
As  the  result  of  experiments  which  began  with  those  of  von 
Dungern,  1 we  know  that  serum proteids  (at  least  those  portions 
having antigenic properties)  when injected intravenously into  rab- 
bits can be recognized in the blood for a  number of days.  As suc- 
cessive  injections  of  serum  are  given,  the  time  during  which the 
proteid can be recognized becomes considerably shortened, presum- 
ably because of an increase in the rate of destruction or binding of 
the proteids. 
The  experiments  I  wish  to  report  were  based  entirely  on  this 
observation.  Rabbits  were  given  repeatedly  subcutaneous  injec- 
tions either of diphtheria antitoxin or of normal horse serum, until 
they  became  distinctly  hypersensitive.  The  Arthus  phenomenon 
was  the  criterion  of  the  hypersensitive  state.  When  definitely 
sensitized, the animals were given intravenously a  determined dose 
of diphtheria antitoxin and this  was  followed after an interval by 
the injection intravenously of a multiple of the lethal dose of diph- 
theria toxin.  The experiments are of course entirely quantitative, 
and  the  relationships  are best  expressed in  the tables  that  follow. 
The diphtheria toxin used was a  very old test toxin kindly given 
me several years ago from the Massachusetts State Antitoxin Labo- 
ratory by Dr. Theobald Smith.  The antitoxin, also old, was  from 
the same  source.  It  is  a  native low grade serum  (approximately 
IOO units per cubic centimeter, not concentrated).  A  considerable 
number of animals was required to make the preliminary determi- 
nations of thestrength of the toxin and antitoxin.  For this portion 
of the work, animals which had been inoculated on the cornea with 
tubercle bacilli were Used.  In most cases the disease had not gen- 
eralized.  The results thus obtained were in all instances Controlled 
by experiments on normal animals and were found to be accurate. 
Normal  animals  were,  of  course,  used  for  the  sensitization  ex- 
periments, 
yon Dungern,  E., Die Antik6rper, Jena,  19o3. ms  Preventive Action  of Diphtheria  Antitoxin. 
RESULTS. 
The  experiments  presented  in tables I  and  II  show that  the cer- 
tainly fatal dose of toxin 15 C  for rabbits, when given intravenously, 
is 0.03  of a  cubic centimeter,  or perhaps  somewhat  less.  Against 
0.2  of a  cubic centimeter  of this ,toxin,  or more than  six  minimal 
fatal  doses,  0.03  of  a  cubic centimeter  of the  antitoxin  given  one 
hour before the  toxin  protects  perfectly.  Protection  is  also  com- 
plete  with  0.04  of a  cubic centimeter  of  serum  given  twenty-four 
hours  before the toxin. 
TABLE  I. 
Toxicity of Diphtheria  Toxin I5 C for Rabbits. 
No. of rabbit.  Date of inoculation.  Dose in c.c.  Result. 
161 
173 
168 
169 
176 
~71 
~75 
174 
~86 
179 
~83 
19o 
196 
20o 
226 
231 
295 
273 
~54 
276 
Nov.  4,  I9  II 
Nov.  4,  I911 
Nov.  4,  1911 
Nov.  4,  I911 
Nov.  4, IQII 
Nov.  4,  19z1 
Nov.  4,  I9II 
Nov.  4,  191I 
Nov.  4,  I91I 
Nov.  4,  I9II 
Nov.  4,  I911 
Nov.  4,  1911 
Nov.  7,  191I 
Nov.  7,  I9  II 
Dec. 12, I9II 
Dec. 12, I9II 
Dec. 3o, 19  n 
Dec. 22, I91I 
Dec. 22, iQii 
Mar. 23,  I9II 
o.oI 
0.01 
0.02 
0.02 
0.o3 
Sick, recovered. 
Sick, recovered. 
Sick, recovered. 
Sick, recovered. 
Dead in 48 hrs.  =~ 
Dead in 48 hrs. 
Dead in 48 hrs.  =~ 
Dead in 48 hrs. 
Dead in 48 hrs. 
Dead in 36 hrs.  e= 
Dead in 36 hrs.  =~ 
Dead in 36 hrs. 
Dead in 36 hrs. 
Dead in 36 hrs. 
Dead in 36 hrs.  ~= 
Dead in 36 hrs.  a= 
Dead in 18 hrs. 
Dead in 19 hrs. 
Dead in 19 hrs. 
Dead in 36 hrs.  =~ 
0.03 
o.o4 
o.o4 
0.05 
0.05 
O.IO 
O.IO 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
The  experiments  presented  in table III  show that  in rabbits pre- 
viously treated  with  normal  horse  serum  or  with  diphtheria  anti- 
toxin,  neither  the  dose  of 0.03  of  a  cubic  centimeter  of  antitoxin 
one hourbefore nor of 0.05 of a cubic centimeter of antitoxin twenty- 
four  hours  before  the  toxin  dose,  show  any  protective  influence 
whatever.  By referring to table II, it will be seen that with an inter- 
val of one hour 0.03  of a  cubic centimeter of serum protected per- 
fectly, that 0.02 of a cubic centimeter protected partially, and that o.oi 
of a  cubic centimeter of serum gave no definite protective influence. 
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TABLE  II. 
Protective Action of Diphtheria Antitoxin  in Normal Rabbits. 
No.  of 
rabbit. 
227 
230 
201 
202 
232 
228 
229 
233 
293 
212 
2II 
203 
20~ 
328 
350 
278 
353 
338 
357  • 
214 
213 
258 
28O 
Date  of inocu- 
lation. 
Dec.  12, I9II 
Dec.  12, I911 
Nov.  7t 1911 
Nov.  7, 19II 
Dee.  12,  19II 
Dec.  I2t 191I 
Dec.  12, 19II 
Dec.  12,  I911 
Dec.  30,  1911 
Dec.  12, 1911 
Dee.  12,  1911 
Dec.  7, 1911 
Dec.  7,  1911 
Mar. 22,  I912 
Mar. 22, 1912 
Mar.  22,  1912 
Mar. 22,  1912 
Mar. 22, 1912 
Mar.  22,  1912 
Dee.  12,  1911 
Dee.  I2,  191I 
Dec.  22,  1911 
Dee.  22,  I911 
Antitoxin dose  Toxin  dose 
in c.c.  Interval.  in c.c. 
0.0I 
0.0I 
0.0I 
0.0I 
0.02 
0.02 
0.03 
0.03 
o.o3 
o.04 
o.o4 
0.05 
o.o5 
0.02 
0.02 
0.03 
o.o3 
o.o4 
0.04 
0.05 
0.05 
0.05 
o.o5 
I  hr. 
I  hr. 
I  hr. 
I  hr. 
1  hr. 
I  hr. 
I  hr. 
I  hr. 
I  hr. 
1  hr. 
I  hr. 
I  hr. 
I  hr. 
24 hrs. 
24 hrs. 
24 hrs. 
24 hrs, 
24 hrs. 
24 hrs. 
24 hrs. 
24 hrs. 
24 hrs. 
24 hrs. 
0.20 
0.20 
0.20 
0.20 
0.20 
0.2O 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.2Q 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
Result. 
Dead in 36 hrs.  =~ 
Dead  in 36 hrs.  =e 
Dead  in 36 hrs.  =~ 
Dead  in 36 hrs. 
Well. 
Dead  in 4  days. 
Well. 
Well. 
Well. 
Well. 
Well. 
Well. 
Well. 
Dead  in 36 hrs.  =b 
Dead  in 48 hrs.  + 
Dead in 36 hrs.  a= 
Sick, recovered. 
Well. 
Well. 
Well. 
Well. 
Well. 
Well. 
TABLE  III. 
Protective  Action  of  Diphtheria  Antitoxin  in  Sensitized  Rabbits. 
Sensitized with  Result.  No. oi 
rabbit. 
251 
248 
240 
238 
244 
247 
252 
245 
249 
256 
25o 
253 
239 
243 
N.  H. S3 
N. H. S. 
Diph. A. T3 
Diph. A. T. 
Diph. A. T. 
N. H. S. 
N. H. S. 
Diph. A. T. 
N. It. S. 
N. H. S. 
N. H. S. 
N. It. S. 
Diph. A. T. 
Diph.  A. T. 
Antitoxin 
dose in c.c. 
0.03 
0.03 
o.o3 
0.03 
0.I0 
0. I0 
0. I0 
0.20 
0.20 
0.20 
0.05 
0.05 
0.05 
o.o5 
Interval. 
I  hr. 
I  hr. 
1  hr. 
1  hr. 
I  hr. 
I  hr. 
Ihr. 
I  hr. 
1  hr. 
I  hr. 
24  hrs. 
24 hrs. 
24 hrs. 
24 hrs. 
Toxin dose 
in c.c. 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
Dead in 18 hrs. 
Dead  in 20 hrs. 
Dead  in 2I  hrs. 
Dead  in 2o hrs. 
Well. 
Well. 
Well. 
Well. 
Well. 
Well. 
Dead  in 24 hrs. 
Dead  in 23 hrs. 
Dead  in 25 hrs. 
Dead  in 26 hrs. 
centimeter of serum is, therefore, about equal to that of o.oi  of a 
cubic centimeter to o.o2 of a,cubic centimeter of serum injected into 
a  normal  rabbit.  In  other words, in  rabbits  sensitized to  serum, 
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diphtheria  antitoxin  is but one third  to two thirds  as efficient as in 
normal  rabbits.  These  figures  are  further  substantiated  by  the 
experiments  in  which  the  interval  was  twenty-four  hours.  Here 
the  efficiency of 0.0  5  of  a  cubic centimeter  in  the  sensitized  rabbit 
was about equal to that  of 0.02  of a  cubic centimeter  to  0.0  3  of a 
cubic centimeter of serum in the normal  rabbit. 
DISCUSSION. 
From  experiments  that  are  so limited  we  do  not  wish  to  draw 
conclusions  which  should  affect practice.  These  results,  however, 
lead  naturally  to  the  suggestion  that  the  curve  for the  absorption 
and  elimination  of  antitoxin  as  developed 'by  Henderson  Smith a 
should be elaborated to cover the case of the human being who has 
previously had injections either of diphtheria antitoxin or of normal 
horse  serum.  It  should be recalled that  the  marketed  antitoxin  is 
now chiefly concentrated  globulins,  according  to  Gibson.  But  the 
curves of Henderson Smith were prepared before the present method 
of  concentration  was generally  adopted.  The  curve  for  globulins 
may well differ  from that  for the native serum. 
The  evidence obtained points  clearly  to  the  conclusion  that  in  a 
native  low  grade  serum  the  antitoxin  is  so  related  to  the  proteids 
that  it is involved in the reaction of allergy.  As  far as the experi- 
ments go, the antitoxin does not seem to sensitize against  itself, and 
only a part of it is affected by the second reaction.  Antitoxin itself, 
therefore, may not be a proteid coming within the group which gives 
rise to an immunity reaction. 
It may be added that these results are in general accord with the 
recently  reported  experiments  of  Doerr  and  Pick  4 on  the  rate  at 
which the precipitable proteids of horse serum and cholera agglutinin 
disappear  from the circulating blood of sensitized as compared with 
normal rabbits.  The stated conclusions of these authors,  however, 
are  not  in  Complete  acccord  with  the  experimental  evidence  pre- 
sented by them. 
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